Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
According to United Nations projections, more than three-fifths of the world's population will live in urban areas by 2025. Urbanization gives rise to congestion effects like traffic jams, traffic accidents, crowded public transport, overcharged electricity networks, pollution, noise, crime, and communicable diseases. 1 For instance, Hartgen and Fields (2006) show that traffic congestion in the U.S. has grown significantly over the last decades and "if trends continue, by 2030 even small cities will be experiencing significant and noticeable congestion" (p.6). Urbanization is particularly rapid in fast-growing China and India, which causes huge problems in cities like Beijing, Shanghai, Dehli and Mumbai.
For instance, exploding motorization is responsible for a surge in both traffic fatalities and air pollution. Average roadway speeds for motor vehicles substantially declined to often less than 10 km/h in central areas (Pucher et al., 2007 ).
Henderson (2003) provides empirical evidence that urbanization is a by-product rather than the cause of economic growth. He finds that there is an optimal degree of urbanization which maximizes productivity growth and too high an urban concentration can be very costly. A question which immediately arises from potentially severe urban congestion effects is whether productivity growth can be sustained in the long-run. Surprisingly, this question is largely under-researched in the literature on economic growth.
This paper develops a two-sector R&D-based growth model in which rising urban population density, associated with endogenous structural change, has adverse productivity effects. Structural change results from three basic features of the model: first, there is endogenous technological progress in the modern ("industrial") sector, characterized by imperfect competition and increasing returns. Second, productivity advances in the mod-ern sector spill over to the traditional ("agricultural") sector. 2 Third, and consistent with a large body of empirical evidence (surveyed by Browning, 2008) , the income elasticity of demand for the agricultural good is less than unity ("Engel's law"). The property is implied by the assumption that there is a subsistence level of consumption of the agricultural good.
We show that positive productivity spillovers from the modern to the traditional sector cause a reallocation of labor towards the modern sector when Engel's law holds. In turn, such structural change leads to congestion in the urban area and therefore to a productivity slowdown in the modern sector. Eventually, economic growth may cease in the long-run. The analysis thus identifies the conditions under which an inverse relationship of urban population density to the industrial productivity level implies severe consequences for long-run productivity growth. As these conditions are likely to hold, the analysis provides a pessimistic outlook for the future of economic growth.
We also address the long-standing debate in the endogenous growth literature on scale effects and show that these may not be positive. Positive scale effects are said to occur if an increase in the labor force either causes the growth rate or the level of per capita income to rise. The proposed framework belongs to the class of second-generation endogenous growth models with vertical innovations where scale effects with respect to the growth rate are removed. 3 Intermediate good firms can freely enter and the average quality of producer goods matters for growth-generating intertemporal R&D spillovers (Young, 1998) . In standard versions of such a model, specialization gains from an increased number of firms (associated with higher population size) still cause scale effects in levels. However, at least in modern times, any kind of positive scale effect seems to be empirically refuted. 4 That scale effects are not necessarily positive in the model proposed in this paper naturally follows from the basic premise that land is a critical factor also for modern production.
Examples include access to railways, airports, rivers and roads at the location of plants as well as office space in cities. As land is a fixed factor, a larger labor force causes land dilution effects which may dominate specialization gains. Consequently, per capita income may decline, i.e., scale effects may be negative. One contribution of this paper is to conceptually separate land dilution effects from congestion effects and to show that they work independently from each other.
Finally, it is natural to investigate in a framework where scarcity of land is at the center of the analysis how the welfare-maximizing land allocation across production sectors depends on the strength of congestion effects. 5 The analysis suggests that a higher elasticity of industrial productivity with respect to urban population density implies that more land should be allocated to the urban area at the expense of rural land.
The paper is organized as follows. Section 2 discusses the related literature. The model is presented in section 3. Section 4 analyzes the equilibrium by distinguishing between congestion and dilution effects. In section 5, the optimal land allocation is derived. The last section concludes.
Related Literature
There is a large literature on structural change, stressing both demand and supply factors. 6 Our two-sector framework with non-homothetic preferences and endogenous growth may be most closely related to Matsuyama (1992) . He stresses that an increase in agricultural productivity may squeeze out the manufacturing sector and therefore prevent learning-bydoing effects in an open economy. In a closed economy, by contrast, the opposite holds in his framework due to a reallocation of labor towards manufacturing. There are three key differences of our model to Matsuyama (1992) . First, productivity gains in the industrial sector are driven by R&D rather than learning-by-doing effects. Second, agricultural productivity growth is linked to innovative activity in the modern sector rather than being exogenous. Third, we model urban congestion effects. Consequently, even in a 5 The land allocation may be influenced by government policy (by zoning laws, production permits, etc. In contrast, this paper highlights the interaction between productivity growth, urban population density and structural change. This is not to deny that public infrastructure investment can mitigate urban congestion. However, this paper is based on the premise that ultimately land will be the limiting factor, whereas the previous growth literature 7 Their empirical evidence suggests that the causal effect of higher life expectancy on per capita income is negative, lending some support for land dilution effects investigated in this paper. 8 See Irmen and Kuehnel (2008) for an assessment of this literature.
has assumed that public infrastructure capital can limit congestion indefinitely. 9 In order to focus on the implications of congestion of urban land for long-run growth, as a first step, this paper abstracts from public capital.
The Model
Consider the following Ricardo-Viner type two-sector model with one intersectorally mobile factor ("labor") and two immobile, fixed factors ("land"). Factor markets are competitive. Modern ("industrial") production is characterized by increasing returns and may suffer from congestion effects. The focus on non-accumulated immobile factors and congestion in the modern sector permits the interpretation of industrialized production taking place in the urban region. By contrast, traditional ("agricultural") production takes place in the rural region. As usual, the notion of traditional production is that there are many small, perfectly competitive firms with a constant-returns to scale technology. Goods can be costlessly transported between regions. Migration of labor across sectors is costless as well. Time is discrete and indexed by  = 1 2 . The time index is omitted whenever this does not lead to confusion.
Individuals and Endowments
There are individuals who live one period and have one child each. They inelastically supply one unit of labor in the region they live. Moreover, each individual owns   units of land located in the rural region and   units of land in the urban region.
That is, for simplicity, all individuals are identical in their endowments. Landholdings are passed to the offspring. With total land area in the economy, we have  +  =.
Each individual decides where to locate and chooses demand of a manufacturing good,   , and an agricultural good,   . Denote the rental rates of land for agricultural and manufacturing production by   and   , respectively. With analogous notation for wage rates, as labor is fully mobile, in equilibrium,   =   =  must hold. Thus, each 9 See De Haan, Romp and Sturm (2007) for some discussion on this point.
individual earns income
Preferences are represented by the Stone-Geary utility function
If there exists a subsistence consumption level of the agricultural good,   0, 10 consistent with Engel's law, the income elasticity of agricultural consumption is below unity whereas that of manufacturing consumption is above unity. To see this, denote by   the price of the agricultural good and normalize the price of the manufacturing good to unity,   = 1. Under utility function (2), individuals possess the following goods demand structure:
Technology
The industrial sector produces competitively in the urban region the manufacturing consumption good. It combines labor and differentiated intermediate inputs. Formally, output is given by 
where  is the urban population density, i.e., the number of workers in the urban region,
is taken as given by firms. Function  is increasing and strictly concave with (0) ≥ 0.
To ensure an interior solution for the optimal R&D choice, suppose "Inada conditions"
Function  is increasing in which captures a standard "standing on shoulders effect" from access to previous knowledge (  0).
Moreover, to capture congestion effects from urbanization, suppose that  is decreasing in urban population density (   0). 11 Also suppose that (0 ) = 0 for all    .
The agricultural sector is competitive. It produces by combining land and labor according to a constant-returns to scale technology. For simplicity, we focus on the CobbDouglas case. Output   is given by
where   is labor input in agriculture and   is land input;   0.
Following Greenwald and Stiglitz (2006) , there may be a cross-sectoral technological spillover effect from the manufacturing sector to the agricultural sector. The spillover takes place with a lag of one period. Formally, traditional sector's total factor productivity in period  is given by
We will examine the implications of the case  0  0 vis-à-vis the case  0 = 0.
We assume throughout that the subsistence level of agricultural consumption,, is smaller than agricultural output per worker in the case where all individuals work in the
Assumption (A1) ensures the existence of an interior equilibrium. 12 
Equilibrium Analysis
Denote by   the price set by intermediate good firm
The equilibrium is defined as follows.
Definition 1. An equilibrium is given by prices
, and a firm number  such that (i) the final manufacturing goods sector, intermediate goods firms, and the agricultural sector maximize profits;
(ii) intermediate goods firms have zero profits (free entry condition);
(iii) the labor markets clears:
(iv) workers maximize utility; in particular, they are indifferent where to locate:
(v) land markets clear in both regions:
(vi) consumption goods markets clear:
12 Since for  0  0 productivity level  may change over time, we have to assume that (A1) holds for all . As will beocme apparent, this is ensured if (A1) holds for  = 1 and 0  1 . 13 Recall that one unit of output of an intermediate good requires one unit of urban land.
Urban Congestion Effects
Denote equilibrium values by superscript (*). We find that the following holds.
Lemma 1. There exists a symmetric and time-invariant equilibrium R&D labor input;
i.e.,   =  * and
All proofs are relegated to the appendix. Lemma 1 is an implication of the ex-ante symmetry and free entry of intermediate goods firms. Consequently, R&D labor input per firm is independent of endowments; that is, it does neither depend on population size nor on land supply. The equilibrium number of intermediate goods firms increases proportionally to (see appendix), leaving  * unaffected (e.g. Young, 1998) . 
also implies that Engel's law holds. However, in that case, part (b) of Proposition 1 and the first part of (c) would be reversed; that is,  *  would be independent of agricultural productivity  and decreasing in the contemporaneous industrial knowledge stock. Part (c) also suggests that the equilibrium fraction of labor in the traditional sector,  *  , approaches its lower bound in ever smaller "steps" as agricultural productivity increases
Recall that, if  0  0, a higher past industrial knowledge stock, −1 , raises current agricultural productivity,   . Thus, the following result is implied by Proposition 1. 
In equilibrium, the industrial knowledge stock thus evolves according to the first-order difference equation
where Lemma 1 has been used. It is evident that, in the proposed simple model, all dynamics are driven by knowledge stock. It thus suffices to focus on (10) in the following. We have
From this we obtain the following insights. In standard endogenous growth models 
Dilution and Scale Effects
The previous subsection has shown that for R&D in the industrial sector to cause structural change both positive subsistence consumption of the agricultural good (  0) and cross-sectoral technology spillovers ( 0  0) must be present; in this case, congestion effects in the urban region arise.
In this subsection, we emphasize the consequences of dilution effects from higher scalē  on the per capita income level, , when urban land is an important factor for modern production. To distinguish the analysis from the previous subsection, and for the sake of simplicity, we now focus on the case of homothetic preferences ( = 0). The next result shows that scale effects may even be negative. 
A symmetric and thus choose the same amount of land in the urban area as input, we have   =   for all . Using this in (5), we find that the per capita level of manufacturing output reads
As an implication of Proposition 1, the fraction of labor allocated to produce the manufacturing consumption good,   , is independent of scale in equilibrium (if = 0). Now, for a given knowledge stock, an increase in scale has two counteracting effects on   . First, the number of intermediate good firms, , increases in equilibrium. In turn, due to specialization gains, equilibrium manufacturing output per capita increases.
Second, however, the urban land input per head,  , declines − a dilution effect with respect to a fixed production factor. If the output elasticity of urban land, , is high, then the second effect dominates the first one. The intuition applies for per capita income  as well. If there were no congestion effects from higher urban population density, then both effects would exactly cancel for  = 05; that is, when   = 0, per capita income  would decrease (increase) in if   ()05. With congestion effects, the scale effect on per capita income may be negative even for   05.
Optimal Land Allocation
Governments may be able to affect the allocation of land use by zoning laws and production permits. For instance, the government can extend the urban area at expense of the rural area by allowing industrial firms to locate near cities. It is interesting to study the optimal (welfare-maximizing) allocation of land in an economy where land scarcity and congestion effects are at the center of the analysis. Welfare is given by utility (2), which in equilibrium is the same for all individuals.
Let us again focus for simplicity on homothetic preferences, = 0. 15 Moreover, to 15 For  0 and  0  0 a change in the allocation of land use would change the allocation of labor (recall part (c) of Proposition 1 that, in this case,  *     0). The implication for the optimal land use, compared to the case where = 0, is ambiguous and no further insight is gained.
obtain easily interpretable results, consider the following specific functional form for :
   0. That is, the elasticity of product quality of an intermediate goods firm with respect to urban population density is constant: −   = . Parameter  may thus be viewed as the strength of urban congestion effects. Let   ≡  . The optimal land allocation can be characterized as follows.
Proposition 5. (Optimal land allocation) Suppose that = 0 and  is given by (13) .
The optimal fraction of land allocated to urban use,    , is time-invariant and given by
thus,    is increasing in the strength of urban congestion effects, .
The comparative-static result in Proposition 5 is intuitive. The stronger are urban congestion effects on productivity, the higher is the fraction of land which should be allocated to the industrial area. We also see from (14) that    rises with the output elasticity of urban land for the modern sector,  (see (12) ), declines with the output elasticity of rural land for the traditional sector, , and increases if the manufacturing consumption good is more valuable to consumers (higher ).
It is remarkable that the optimal allocation of land is time-invariant; that is,    does neither depend on the stage of economic development nor on the long-run properties of productivity growth. The result is an implication of the fact that, under specification (13), elasticity −  ( )( ) does not depend on the stock of knowledge,.
Using (13) in (10), we find that the knowledge stock evolves according tō
where the agricultural labor share in equilibrium of period ,  *  , is independent of  and   = ( −1 ) for = 0 (part (b) and (d) of Proposition 1, respectively). Thus, growth ceases in the long run if   1. Moreover, there exists a balanced growth equilibrium if
16 whereas growth is explosive if   1.
17
In the case where   1, the long-run equilibrium knowledge stock is given by
We thus see that * may not necessarily decrease in the strength of urban congestion effects, . We can also derive an optimal long-run knowledge stock, which we obtain by evaluating the right-hand side of (16) , we also find that the optimal steady state knowledge stock may increase in the strength of congestion effects, .
Conclusion
This paper has examined the growth implications of urban congestion effects from endogenous structural change in a R&D-based growth framework with non-homothetic preferences and cross-sectoral technology spillovers. The analysis has demonstrated that there may be congestion-related limits to both urbanization and long-run economic growth.
Even in the case where intertemporal knowledge spillover effects are strong, urban congestion associated with structural change may leave economic growth unsustainable in the long-run. In the model, structural change was driven by Engel's law together with R&D-driven productivity advances which spill over to the traditional sector. Paradoxically, prospects of sustained long-run growth are mitigated by cross-sectoral productivity spillovers in the proposed framework.
Moreover, the analysis has addressed the long-standing debate on scale effects in the 16 If  = 1, it could be the case that the long-run growth rate of the economy is positive if = 0 but zero if  0 (see Proposition 3). 17 Thus, with respect to the role of intertemporal knowledge spillovers, for = 0, we obtain long-run properties which are similar to Jones (1999) . Jones discusses the "knife-edge property" of the case of a linear knowledge spillover. In fact, if = 0, under (13) and in absence of population growth,  = 1 is necessary for a balanced growth path with sustained positive growth to exist also in our model with congestion effects. 18 Use both  = −  and   =   in (15) and set  = −1 = * to derive (16) .
endogenous growth literature. We have shown that, due to land dilution effects, the impact of an increase in population size on per capita income may be negative. Finally, the analysis suggests that the fraction of urban land should rise with the strength of urban congestion effects.
Future research should incorporate public infrastructure investment, which potentially mitigates urban congestion effects, into the model. This would allow us to look more closely at transitional dynamics. Such an extension would also enable us to investigate how the optimal path of productive public investment interacts with urban population density which therefore could provide useful policy recommendations.
Appendix
Proof of Lemma 1: In the modern sector, the inverse demand schedule for intermediate good  is given by its marginal product
Monopoly profits of each firm  are given by
Profit-maximizing price-setting, when accounting for demand schedule   =  (  ), leads to mark-up factor 1. Thus,
Using   =   , (18) and R&D technology (6) in (17), profits of firm  in  are given by
Now consider the R&D decision of intermediate good firms. Maximizing profits   in (19) with respect to   and observing (6) yields first-order condition
Moreover, from free entry equilibrium condition (ii) in Definition 1,   = 0. Using (19) and (20) , this implies that each firm  chooses a time-invariant R&D input as given by
Note that ( *  ) =  00 ( * ) 0 ( * )  0 and Inada conditions were assumed to hold.
Thus,  * exists and is unique. ¥
Proof of Proposition 1:
The urban wage rate is given by the marginal product of labor in manufacturing, (18) into (5) and using the resulting expression for   leads to
Now combine (20) and (22) , and then use   = and (21), to find that the number of intermediate good firms is given by
therefore,  is proportional to manufacturing labor input   . Thus,
is given by
According to (7) , the marginal productivity of agricultural labor is given by
where we used equilibrium condition   =  . Moreover, since intermediate good firms
are symmetric, equilibrium condition (v) implies that   =   for all . Thus, using (5), we have
Hence, wage rate   = (1 − )    can be written as
Using (25), (27) and equilibrium condition   =   yields
Using (3) and (4) in goods market clearing conditions (vi) and combining them by eliminating , we find that
Substituting (7) and (26) into (29), and using   =  , we obtain
Next note that substituting (24) into labor market clearing condition,  +   =, implies that
By combining (28) and (30), and using (31), we find that  *  is implicitly given by
 0. Rewriting (32) to 
Since   =  in equilibrium, we find that
The marginal product of rural land is given by
Now substitute  =   from (25),   from (38) and   from (39) into the expression for  in (1) and use the expression for   in (28) to find that
Recall that
)
according to (10) and (23) 
Using the first-order condition to maximization problem (45) and observing −   =  confirms (14) . ¥
